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(57) ABSTRACT 
The present invention relates to a process for obtaining 
nitric acid of a concentration higher than the azeotropic 
concentration by means of the absorption of nitrogen 
oxides in water or diluted nitric acid and the partial 
pressure of the nitrogen oxides before absorption is 
raised partly by compression of the gases that contain 
the nitrous gases and partly by means of a cycle of 
diluted nitric acid which is decomposed by the action of 
the NO contained in the gases, enriching them in NO, 
and which subsequently reform by absorption of NO, in 
water when the partial pressure of the nitrogen oxides is 
low. 

2 Claims, 1 Drawing Figure 
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PROCESS FOR OBTAINING NITRICACID OF A 
CONCENTRATION HIGHER THAN THE 

AZEOTROPIC CONCENTRATION BY MEANS OF 
THE ABSORPTION OF NTROGEN OXDES IN 

WATER OR DILUTED NITRICACID 

This invention is concerned with a process for the 
manufacture of nitric acid of a concentration higher 
than the azeotropic concentration (68% by weight) 
with or without the simultaneous production of nitric 
acid of a concentration lower than the azeotropic con 
centration, by means of absorption of nitrogen oxides 
having a high degree of oxidation in water or in aqueous 
solutions of nitric acid, for which the partial pressure of 
the nitrogen oxides referred to is increased partly by 
decomposition of nitric acid by means of nitrogen ox 
ides having a low degree of oxidation, and partly by 
compression at very high pressures of the gases that 
contain them. 

Practically all the nitric acid produced industrially is 
obtained starting with ammonia by catalytic oxidation 
of the ammonia in accordance with the reaction: 

4 NH + 5 O - 4 NO + 6 HO + Heat (I) 

The quantity of reagent water formed is important 
and when it is desired to produce acid with a high con 
centration it is necessary to eliminate the water almost 
entirely since, as is shown in the bibliography, if the 
water referred to is not eliminated, the maximum con 
centration of nitric acid possible is of the order of 77%. 
The NO (nitric oxide) is considered to be a nitroge 

nous oxide having a low degree of oxidation, which, in 
the presence of oxygen and at low temperatures oxi 
dizes to NO, (nitrogen dioxide) of a high degree of 
oxidation in accordance with the reaction: 

2 NO -- O - 2 NO + Heat (II) 

It is precisely this nitrogen dioxide (or its dimers) that 
are absorbed in water to form nitric acid in accordance 
with the reaction: 

3 NO -- HO- 2 NOH + NO + Heat (III) 

At a greater pressure of the nitrogen oxides that enter 
into contact with the water, a greater concentration of 
nitric acid may be obtained. 

For reasons of safety, the maximum concentration of 
ammonia in the mixture with air for effecting reaction 
(I) does not usually exceed 12% if the reaction is carried 
out at low pressure, or 10% if its is carried out at high 
pressure. 
The conventional processes for the production of 

nitric acid usually compress the gases before or after 
effecting reaction (I) up to the pressures of 4 or 5 atmo 
spheres (medium pressure processes), 7 or 8 atmo 
spheres (high pressure processes) and 10 to 12 atmo 
spheres (very high pressure). Depending on the pres 
sures at which reactions (I) and (II) are carried out, 
different processes are obtained, but all of them have in 
common the factor that the partial pressure of the 
highly oxidized nitrogen oxides at the beginning of the 
absorption stage is not usually sufficiently high to pro 
duce large percentages of acid of a concentration higher 
than the azeotropic concentration (68%). 

Therefore, there are known processes for increasing 
the above-mentioned partial pressure in which, in addi 
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tion to operating at high pressures, cycles of nitrogen 
dioxide are established by means of the absorption stage 
in such a way that NO2 is added to the gases that enter 
into absorption and the part that is not absorbed is 
washed with nitric acid of 60 to 75% by weight, the 
washing acid is again expelled and returns to the begin 
ning of the absorption zone. In these processes the gases 
are usually compressed immediately after they are 
cooled sufficiently to allow the water produced in ac 
cordance with reaction (I) to separate from the reagent 
gases. Consequently the oxidation of NO to NO, is 
easily achieved, since reaction (II) is favoured by high 
pressures and low temperatures. 

In the process which is the subject of this invention, 
an increase of partial pressure of the nitrogen oxides is 
achieved on the one hand, by operating at very high 
pressures (in general higher than those of other known 
processes), and cn the other hand, decomposing diluted 
nitric acid (of a concentration lower than the azeotropic 
concentration) in accordance with the inverse reaction 
to reaction (III), that is to say: 

2 NOH -- NO + Heat - 3 NO + H2O (IV) 

The advantages of this form of operation are double: 
on the one hand the oxidation of NO to NOis achieved 
almost completely, maintaining very low quantities of 
non-oxidized NO, which is required in order to achieve, 
by chemical absorption, nitric acid of a concentration 
higher than the azeotropic concentration. 
On the other hand, as 3 mols of NO are produced for 

every mol of NO, a very large increase is obtained in the 
NO content of the reagent gases. 

It is also important to indicate that both in the process 
that is proposed and in those already known, only part 
of the gases that are sent to the absorption zone will 
give rise to superazeotropic acid since, for reasons of 
chemical equilibrium, there is a partial pressure of nitro 
gen oxides in equilibrium with the acid of an azeotropic 
concentration and below the partial pressure referred to 
it is not possible to obtain acid with a concentration 
higher than the azeotropic concentration. 

In the known processes, once the said partial pressure 
is attained, the gases are usually subjected to a washing 
(that is to say physical absorption) with nitric acid of 
average concentration (60 to 75%) at very low tempera 
tures so that the recovery is achieved of almost all nitro 
gen oxides so that the emissions of oxides into the atmo 
sphere is low. Furthermore, the washing acid charged 
with oxides is subsequently subjected to a desorption 
operation (generally by means of secondary air and 
operation at low pressure), and the NO, is recovered 
which is reincorporated into the cycle by means of the 
same secondary air. 

In the process we propose, when the gases reach the 
partial pressure of equilibrium, they are absorbed with 
water, in accordance with reaction (III), giving rise to 
an acid with a concentration lower than the azeotropic 
concentration, which is precisely that which is utilized 
in order to oxidize the NO to NO, in accordance with 
reaction (IV). Furthermore, as the chemical absorption 
is effected at very high pressure, low emissions of ox 
ides into the atmosphere are also achieved. 
An additional advantage of the process proposed 

compared with those already known, is that on the 
NO, not being handled in the form of a gas, but the 
circulations being in liquid form, the starting up to these 
installations is considerably more simple and it is not 
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necessary to effect any venting of the nitrous gases in 
emergency operations. 

Both in the known processes and in the new process 
proposed, the acid of a concentration higher than the 
azeotropic concentration is subjected to a conventional 5 
distillation process with which there is obtained on the 
onw hand chemically pure nitric acid and on the other 
hand acid of azeotropic concentration which is reincor 
porated into the process. 
The FIGURE is a simplified flow diagram in a plant 10 

in which the oxidation of ammonia is effected at low 
pressure (which presents the advantage that on the 
condensation of the water formed in accordance with 
reaction (I), the quantity of nitric acid transported by 
the water is minimal and, of course, very much less than 15 
that obtained in condensation processes with higher 
pressures). 

In the diagram referred to, the tower in which the 
oxidation of NO to NO, is produced also functions at 
low pressure which presents the advantage compared 20 
with operation at higher pressures that the larger part of 
the nitrogen oxides are in the form of NO and therefore, 
taking into account that 3 mols of NO are obtained for 
each mol of NO in accordance with reaction IV, the 
quantity of NO, is greater than can be achieved by the 25 
processes that operate at higher pressure in which the 
nitrogen oxides are usually displaced towards NO. 

In accordance with the schematic diagram, the mix 
ture of ammonia and air is mixed and reacts in the reac 
tor 1, in accordance with reaction (I). The reagent gases 30 
are cooled in various heat exchangers 2, 3, and 4, whose 
operation is irrelevant for the purposes of the patent. In 
the cooler 5, the dew point of the gases is achieved, and 
the water formed in the previous reaction condenses 
and is separated in the cooler 6. 35 
The water totally or partially extracted from the 

plant (in general as it contains a small amount of nitric 
acid) is usually worth recirculating one part to the 
tower (10) while the dry reagent gases are sent on to the 
oxidization system 7, where reaction IV takes place, 40 
thanks to the diluted nitric acid recirculated from the 
section of absorption 10. From the oxidation system two 
currents are obtained: the liquid current that is usually 
diluted nitric acid which is returned to 10 for its concen 
tration, and the gaseous current, very rich in NO, 45 
which is sent to the compressor 8. 
There the gases are compressed up to 6-15 atmo 

spheres (preferably 10-13 atmospheres) with which the 
partial pressure of the nitrogen oxides is very highly 
(between 1 and 4 atmospheres) and is passed on to the 50 
superazeatropic absorption system 9. 

In the system referred to the gases enter into contact 
with acid of azeotropic concentration proceeding from 
the distillation tower 11, with which the concentration 
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4. 
of acid is increased and the partial pressure of the nitro 
gen oxides is diminishes to values close to the equilib 
rium with azeotropic acid. 
The acid of a concentration higher than the azeo 

tropic concentration is distilled in the column 11, and 
gives two currents, one of practically pure nitric acid 
and the other of azeotropic acid that is returned to the 
system 9. 
With regard to gases poor in NO2, they pass to the 

subazeotropic absorption system 10, where in counter 
current with water or aqueous solutions of nitric acid 
they are absorbed, giving rise to an acid of a concentra 
tion lower than the azeotropic concentration, which is 
wholly or partially returned to the oxidation system 7. 
The system is sufficiently versatile so that the respec 

tive proportions of diluted nitric acid and pure nitric 
acid may be varied at will between 0 and 100%. 
The current of gases from which the nitrogen oxides 

have been eliminated is heated in conventional heat 
exchangers and recovers its energy generally by means 
of an expansion turbine coupled to a compressor group 
with which the energy consumption of the compressor 
is considerably reduced. 
What is claimed is: 
1. A process for obtaining nitric acid of a concentra 

tion higher than the azeotropic concentration by means 
of the absorption of nitrogen oxides in diluted nitric 
acid, comprising the steps of: 

reacting gases containing nitrogen oxides with dilute 
subazeotropic nitric acid to partially decompose 
the nitric acid by the action of NO contained in the 
gases, forming additional NO2 to increase the par 
tial pressure of NO in the gases; 

subsequently compressing the gases; 
passing azeotropic nitric acid and the compressed 

gases containing the high partial pressure of NO; 
through an absorption chamber to form super 
azeotropic nitric acid; 

distilling the super-azeotropic nitric acid to separate it 
into commercially pure nitric acid and azeotropic 
nitric acid; 

returning the azeotropic nitric acid to the absorption 
chamber for use in said passing step; 

injecting the gases which have been passed through 
said absorption chamber into a secondary absorp 
tion chamber to react with the partially decom 
posed dilute nitric acid from said reacting step to 
form sub-azeotropic nitric acid; and 

returning at least a portion of said sub-azeotropic acid 
for use in said reacting step. 

2. The method of claim 1, further comprising the step 
of removing water from the gases prior to said reacting 
step. 
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